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ABSTRACT

Many biological and environmental interactions can affect the biological

control of the cereal leaf beetle (CLB; Oulema melanopus [L.]). We studied the biological
control potential of predatory lady beetles and a parasitoid wasp in fall wheat (Triticum aestivum
L.). Lady beetles were surveyed in grain fields with high CLB density (up to 50 CLB larvae per

0.09m 2). The effects of sugar applied to wheat as an additional food source for Tetrastichus ju/is
(Walker) were also measured. The CLB population followed the typical pattern of high adult
and egg numbers in May, peak larval numbers in late May, and a decline throughout June. High
lady beetle numbers (0.06-0.34 per m 2 , versus 0-0.04 per m 2 in control plots) in sugar spray plots
resulted in a small decrease (14%) in CLB larval numbers from 23 May to 5 June, 2006 . Lady
beetles had no impact on CLB densities after 5 June. Two lady beetles, Coccinella
septempunctata L. and Hippodamia convergens Guerin , were unable to reproduce for more than
three days after being placed on an exclusive CLB larvae diet, suggesting CLB is not a suitable
food source. Other lady beetles placed on an exclusive aphid diet, which is a preferred food
source, laid eggs for 15 days. Parasitism rates of CLB larvae by T. ju/is were also tracked, and
low rates early in the season (8-30%) developed into high rates later in the season (75-78%). In
early June , CLB parasitism in sugar spray plots (26.8%) was higher than parasitism in control
plots (8.9%). Later in June, there was no significant difference between treatments. Laboratory
results demonstrated an increased longevity of T. ju/is as a result of accessible sugar in the diet.
Overall, results suggest that providing an additional nutrient source at select times of the season
where T. ju/is is established could reduce CLB populations. Thereafter, predation by lady
beetles might contribute to suppressing CLB.
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Introduction

The cereal leaf beetle (CLB; Oulema melanopus [L.]) is native to Eurasia and was first
discovered in the U.S. in Michigan in 1962 (Haynes and Gage 1981). The CLB was first
detected in Utah in 1984 in Morgan County , and subsequently dispersed throughout northern
Utah over the next several years (Karren 1986; Evans et al. 2006). The adults invade small grain
crops such as wheat, oats and barley, and adults and larvae destroy plants by feeding on the
foliage. Feeding damage by CLB decreases the photosynthetic potential of the plants, leading to
economic losses in grain ·yield (Haynes and Gage 1981; Olfert et al. 2004).
In an effort to control economic loss, a chemical and biological control effort was
launched against the CLB in the 1960s. This combined effort helped to minimize negative
effects in Michigan and adjacent areas (e.g., Ontario) , and is beginning to have effect in Utah
(Haynes and Gage, 1981; Evans et al. 2006) . Chemicals are quite effective ; however ,
insecticides are expens ive and do not provide a sustainable solution for CLB. Alternatively ,
biological control efforts , including those involving wasp parasitoids , have proven to be
extremely effective and cost relatively little over time (Haynes and Gage 1981).
Successful biological control of CLB has been realized with the introduction of
Tetrastichus ju/i s (Walker) , a larval endoparasitoid wasp (e.g., see references in Evans et al.
2006). Other biological and environmental factors, however, can also affect the overall level of
biological control of the CLB. Such factors include climate, nutrient sources, and interactions
with other insects such as predatory lady beetles (Haynes and Gage 1981; Evans and England
1996; Jacob and Evans 1998; Olfert et al. 2004; Spafford Jacob and Evans 2004; Evans et al.
2006). In the present study, objectives were to determine the effects of providing sugar to
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promote large populations of lady beetles and to determine the effects of sugar as an additional
nutrient for parasitoids in order to enhance overall biological control of the CLB.
Previous studies have shown that predatory lady beetles feed on beetle eggs and larvae
(Hazzard and Ferro 1991; Agarwala and Dixon 1992; Evans and England 1996; Munyeza and
Obrycki 1997; Kalaskar and Evans 2001), and have hypothesized CLB could be part of their diet
as well. Our objective was to promote a natural increase in lady beetle numbers in experimental
plots by using previously published methods (Evans and Swallow 1993; Jacob and Evans 1998),
and our hypothesis was that plots with higher densities of lady beetles would also have decreased
CLB densities.
In investigating the role of lady beetles as predators of the CLB, we examined the degree
of benefit that adult lady beetles might obtain from preying upon CLB eggs and larvae. Previous
research suggests that aphidophagous lady beetles do not fully mature and are less fecund when
denied access to aphids , a large constituent of their natural diets (Richards and Evans 1998;
Kalaskar and Evans 2001 ). Other research suggests that a mixed diet of aphids, or essential prey,
and alternative prey (e.g., beetle eggs and larvae) may enhance reproduction when aphids are in
limited supply (Evans et al. 1999). In light of previous research on lady beetle diets and
reproduction , we hypothesized that lady beetles placed exclusively on an aphid diet would
produce more eggs than lady beetles placed exclusively on a diet of CLB larvae .
The second major aspect of CLB control that we studied was that of the previously
mentioned parasitoid-beetle interaction between T julis and the CLB. Tetrastichus julis females
lay eggs within CLB larvae, eventually killing the insect as the wasp develops (Dysart et al.
1973). By this method, T Julis can significantly reduce CLB populations. All that are required
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to maintain it are continued reproduction, a proper climate, and adequate host and nutrient
supplies .
In any grain field, farmers strive to maximize yield by decreasing weeds and pests, which
can also be nectar and host resources for T.ju/is. Thus, common production practices often
undermine habitat quality for parasitoid wasps . Hence, our objective was to provide
supplemental sugar to grain fields in order to increase parasitism rates of CLB by T.julis.
Previous studies have established that providing adult wasps with carbohydrates can increase the
overall lifespan (e.g ., England and Evans 1997; Jacob and Evans 2000 and references therein),
and increase their parasitism rates of their respective hosts (e.g., Evans and England 1996; Jacob
and Evans 1998). Thus, we hypothesized that plots which regularly received sugar water spray
would exhibit greater rates of CLB parasitism rates by T.julis . We also hypothesized that
carbohydrates would promote T.julis longevity , as seen in other studies .

Materials and Methods:

Field 1
Twelve plots (each 3 x 4 m) were designated in mid-May 2006 in a fall wheat (Triticum

aestivum L.) field farmed by Utah State University in Cache Junction, UT [each plot was placed
at a minimum distance of 20 m from the nearest neighboring plot]. The field was in the second
year in fall wheat, which stood approximately 30 to 45 cm high in mid-May. Plots were
assigned randomly to experimental treatment using a block design of six pairs of plots; a coin
was flipped to determine which plot in each pair would serve as a control plot and which would
receive a sugar spray. On 17 May, 2006, plots were placed along two parallel transects through
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the field where high numbers of CLB adults and eggs appeared. On 23 May, 2006, two more
plots (each 3 x 4 m), separated also by a minimum of 20 m from adjacent plots, were added
along each transect. A random block design was used to assign a plot in each of these two new
pairs to either control or sugar spray treatment. In total, there were eight control plots and eight
sugar plots. Field experiment 1 ended on 12 June when the field was treated for CLB with
malathion.

Spray treatment and visual censuses of plots for CLB and lady beetles. Prior to the application
of sugar water spray, initial censuses in each plot were taken. The censuses involved one person
performing a visual count of CLB adults by walking around the plot slowly and counting all
visible CLB adults seen in two minutes. A separate visual census was done for lady beetles in
the same manner. Attempts to distinguish various species of lady beetles were made when
possible , but an accurate visual count was more important than identification. Two additional
samples were taken from each plot on each census date to count CLB eggs and larvae . In these
samples, the number of CLB eggs, larvae , and adults, and stems of wheat, were counted in small
subplots (0.09 m 2) located randomly within each plot. For each pair of samples for a plot, the
average wheat stem density, and CLB eggs, larvae and adults were calculated.
All plots designated as sugar plots were sprayed twice a week with 2 liters of a fine mist
of sugar spray ( 150 g sucrose / 1 L water) using a hand pump sprayer. The control plots received
nothing. The first spray was on 17 May, 2006 and continued twice a week until 3 June, 2006.
Each of the aforementioned censuses was also taken biweekly, or more frequently in some
weeks. When censusing and sugar application were done on the same day, the censusing was
done first.
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Egg deposition rates and egg disappearance of CLE. In an attempt to determine CLB egg

deposition rates in control plots versus sugar spray plots , 10 uninfested leaves were selected in
each plot on 17 May (the tips of the leaves were marked with a permanent marker pen, and a
twist tie was secured around each leaf to aid in finding the leaves again) . The leaves were
monitored for three days (Run 1: 17 May to 20 May) by recording the number of eggs per the
number of marked leaves found each day. A second bout was repeated at a different location
within each plot on 23 May when the additional four plots were added. In the second
observational period, plants were monitored every day or other day for nine days (Run 2: 23 May
to 1 June).
In addition to estimating egg deposition rates, CLB eggs were monitored to determine
egg disappearance rates from control plots versus sugar spray plots. Egg disappearance rates
could be an indicator of lady beetle predation rates . Eggs were marked by placing a permanent
marker dot immediately adjacent to them on the leaf, with no more than four eggs being marked
per leaf. A twist tie was secured at the base of plants with marked eggs. Twenty-five to fifty
eggs were monitored in each plot.

Sticky trap monitoring for insects in plots. On 30 May, 2006, wooden stakes were placed in the

ground at the center of each of the plots described above for Field Experiment 1. Yellow sticky
traps (15 x 30 cm) were affixed to the stakes with string to ensure that they would not be blown
away. Lady beetles, CLB adults, and T. ju/i s were counted on 1 and 3 June . Sticky traps were
replaced on 5 June and collected on 7 June . Both sets of traps were examined in the lab to obtain
a count of the attached insects.
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Rates of parasitism within plots . To determine the percent parasitism of CLB larvae in control
versus treatment plots, 35 large, mature CLB larvae (3rd/4 th instars) were collected from each plot
on 5 June , 2006. The larvae were placed in a small Zip-Loe® bag, and frozen for later
dissection. Parasitism rates were determined by cutting through the larval dorsum and using a
stereo microscope to examine tissue for parasitoid eggs or larvae. The number of parasitoid eggs
or young larvae in each CLB larva from each of the plots was recorded.

Field 2
A second experiment was then set up in a different fall wheat field farmed by Utah State
University at Cache Junction, UT . This field was in the second year in fall wheat as well, which
stood approximately 75 cm in height in early June, 2006. On 10 June, 2006, sixteen plots (each
3 x 4 m) were placed at a minimum distance of 20 m from the nearest neighboring plot and were
arranged down the center of the field north to south. The plots were assigned randomly to
experimental treatment using a block design of eight pairs of plots, flipping a coin to determine
which would serve as a control or sugar plots .
The same spraying and censusing methods were applied in this second field as in the first,
and on the same general schedule. The first application of sugar water was on 12 June and the
last on 26 June. Yell ow sticky traps were again affixed to stakes placed in the center of the plots
on 12, 19, and 26 June. They were collected on 19, 26, and 29 June, respectively. The sticky
traps were wrapped in plastic wrap and taken back to the lab to for lady beetle, CLB adult , and
parasitoid wasp counts. CLB larvae were once again collected from individual plots and taken
back to the lab to be frozen and later dissected. On 22 and 27 June, twenty to twenty-five large,
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mature larvae (3rd/4 th instar) were collected from each plot, though on 27 June the larvae
collected varied in age and size and only eight or nine could be obtained from a few plots (most
surviving individuals had pupated by this time).

Lab Experiment (Sugar Water and Increased Wasp Longevity)
Larvae of the CLB were collected from wheat, barley, and oat fields throughout Cache
Valley, UT in early June 2006. The presence of T julis had been previously detected in these
fields. In the lab, CLB larvae were placed back on the species of plant from which they were
obtained . The plants were placed in flasks of water, which were contained in buckets with
approximately 5-8 cm of sand. The larvae were allowed to drop off of the plants into the sand
and pupate, after which the pupal cases were sifted out of the sand and placed as single
individuals in micro centrifuge tubes containing an air hole. The micro centrifuge tubes were
held at room temperature and monitored daily for the emergence of CLB or T juli s.
On the day of emergence (22 and 23 June , 2006), T. julis individuals were placed in
micro centrifuge tubes with 1-2 adults in each tube. Cotton was used to plug the tops of the
tubes, and each was labeled according to the day of emergence and diet assignment. Eighteen
wasps were given water alone by soaking the cotton stopper (one wasp escaped, possibly due to
a loose cotton stopper), and 17 were given sugar water solution (50 ml sugar/200 ml water)
through the cotton . The cotton was moistened daily and wasp survival was monitored at the
same time. All adult wasps were maintained in an incubator at 20°C and a photoperiod of 15:9
(L:D) h. Adult T. julis wasps were numbered individually by marking the micro centrifuge
tubes, and the dates of their emergence and death were recorded. From this information, the
length of their life in days was calculated.
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After the wasps died, they were removed from the tubes, placed in separate tubes marked
with the day of death, and identified as either male or female. Using a microscope, females were
recognized by the presence of an ovipositor and by counting the number of antenna! segments.
Females possess 7-8 antenna! segments and males possess 6-7 antennae segments. The sex of
each wasp was then associated with how long it survived on a diet of sugar or water only.

Lab Experiment (Lady beetle Reproduction: Aphid vs CLB Larvae Diet)
Individuals of Coccinella septempunctata L. (C7) and Hippodamia convergens Guerin
(He) were collected as adults from alfalfa (Medicago sativa L.) fields near Wellsville and Cache
Junction, UT in May 2006. Pea aphids, Acyrthosiphon pisum (Harris), were collected as prey for
these lady beetle adults from a Utah State University greenhouse and refrigerated for a few days
until needed . At intervals, CLB larvae were also collected as prey for the lady beetles , from
various wheat, barley , and oat fields throughout Cache Valley, UT and refrigerated until needed.
On 30 May, 2006, conspecific (female and male) pairs of adult lady beetles were placed
in individual Petri dishes (5 cm diameter) and maintained in an incubator at 20°C and a
photoperiod of 15:9 (L:D) h. All lady beetle pairs were placed on an aphid diet (to stimulate
reproduction) until 6 June, 2006, at which time all pairs were in an active reproductive condition
(all females had laid eggs). That day, 8 conspecific pairs of C7 were placed on an aphid diet and
8 pairs were placed on a CLB larvae diet. Eight conspecific pairs of He were also placed on an
aphid diet and 8 pairs were placed on a CLB larvae diet. Lady beetle pairs were given excess
aphids and CLB larvae.
Egg production by females was quantified by checking Petri dishes daily, once in the
morning and once in the afternoon . The lady beetle pairs were placed in new Petri dishes with a
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small piece of accordion-folded paper at the morning check, leaving the Petri dish empty to
count the eggs. Lady beetles laid and attached their eggs to the bottom, top and sides of the Petri
dish, as well as to the underside of the accordion-folded paper. For the pairs fed CLB larvae, the
number of larvae eaten was also counted each morning from the larval remains and/or absence.
At the afternoon check the eggs were counted and left in the dish. Also, because adult lady
beetles may cannibalize their own eggs, cannibalized eggs were included in the daily counts
from noting their chewed remains or the yellow spot they left at the site of attachment to the Petri
dish or paper surface.
Female lady beetles were weighed at the start of the experiment, Day O(June 6), and on
days 7, 13, and 15 of the experiment. They were weighed twice near the end of the experiment
(i.e., on days 13 and 15) to check for stabilization on their respective diets. Female lady beetles
that died during the experiment were not replaced (dead males were replaced, however, so that
females remained paired with a live male throughout the experiment). Overall female
survivorship for the experiment was - 69% (22 of 32), with 60% of the deaths (6 of 10) due to
parasitism by Dinocampus (= Perilitus) coccinellae (Schrank) (Hymenoptera: Braconidae) at the
time of field collection.
On Day 15 (21 June) , remaining female lady beetles were placed in micro centrifuge
tubes and frozen for later dissection and examination of the ovaries . The 3 most mature follicles
were measured for length and width using a SZH Olympus stereomicroscope at 64X
magnification. Follicular volume was then estimated from the formula (4/3)nab 2 , the formula
for a prolate spheroid, where a equals half the follicle length and b equals the follicle width
(Richards and Evans 1998). From this, the reproductive condition of the females at the end of
the experiment was categorized as previtellogenic (white and <0.0035 mm\

vitellogenic
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(yellow and 0.0035-0.0954 mm\

or postvitellogenic (yellow and >0.0954 mm 3) (Richards and

Evans 1998).
Data from all experiments were analyzed using SAS (2002) for one-way and repeated
measure (RM) analyses of variance (ANOVA).

Results

Field Experiments
CLE and lady beetle densities in sugar spay plots versus control plots. In early May 2006, study
plots were heavily infested with CLB adults and eggs, which eventually resulted in dense larval
numbers. The adult CLB peaked in mid to late May, and subsequently declined .
For the two sets of 6 plots from 17 to 20 May, more CLB adults were generally observed
in sugar plots versus control plots, but the difference was not significant (Fig. l; RM ANOV A of
trt: F = 1.09; df = 1, 1O; P = 0.32). In addition , the number of CLB adults fluctuated over these
first few days, (RM AN OVA of time: F= 4.19 ; df = 3, 30; P = 0.0136 ; interaction of time*trt: F
= 0.34; df = 3, 30; P = 0.80) . For the two sets of 8 plots monitored from 23 May to 5 June , there
were more CLB adults in control plots (range in daily averages: 0- 4.5 CLB per 2 person-minutes
per plot) than in sugar plots (range in daily averages : 0-2.5 CLB per 2 person-minutes per plot)
(RM ANOVA oftrt : F = 7.95; df= 1, 14; P = 0.0136) . Cereal leaf beetle adult density
decreased in all plots from 23 May to 5 June (Fig. 1; RM AN OVA of time: F= 10.67; df = 8,
112; P<0.0001; interaction oftime*trt: F= 1.13; df= 8,112; P = 0.35). No CLB adults were
seen in the plots in the second field (set up on 10 June) when censuses were taken from 16 June
to 26 June.
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When CLB egg numbers were analyzed for the 6 plot sets from 17 May to 20 May, there
was no significant difference between the treatments (RM ANOVA oftrt: F= 0.05; df= 1, 10; P
= 0.82), but the variation over time was significant (RM AN OVA of time: F= 2.94; df = 3, 30;

P = 0.05; interaction oftime*trt: F= 1.58; df= 3, 30; P = 0.22). The number of CLB eggs at
first continued to climb after the experiment began, and then peaked on 20 May (Fig. 2). The
results for egg numbers from the 8 plot sets monitored 23 May to 5 June were similar to those
obtained 17 May to 20 May. No significant difference was observed between treatments (RM
AN OVA of trt: F= 0.03 ; df = 1, 14; P = 0.87), though there was significant variation over time
(RM AN OVA of time: F=32.54; df = 8, 112; P<0.0001; interaction of time*trt: F= 0.65; df =
8, 112; P = 0.74). No CLB eggs were seen in the second field.

14 ,------------------,

~

12

+----,~------------<

~

10

+--ir----

J
l~ 'l

Control
Sugar

++- ---i-----------------;

8

!~6-t-W,f--+--IIA--.w.ft--

---=----

--

i~

4 -t-&.-t-¼Vt- all------'l-~ .----

-------------j

j

2 +a;~"!--IIVHl'HW1--a'r

--+.;:-=::-"l' -----i

~ ~

■

[l

17May

18May

19May

20May

23May

25May

26May

27May

30May

1Jun

~

2Jun

3Jun

5Jun

Fig. 1. The mean (±1 SE) number of cereal leaf beetle adults per plot for the 6 plot sets from 17-

20 May, 2006 and the 8 plot sets from 23 May - 5 June, 2006.

- 12 -

90
1!/1

80

{if

70

i
]

I■

]

;

50

;

~

~

I

40

i

I--

;
60

]1
'ti

Co ntrol

I""Sugar

30

20
10
0

;

~

, ,
, ,
;

;

1

I

;

;

;

~

;

;

;

J

;

;
;

~

;

;

;

19-

20-

23-

25-

26-

27 -

30-

1-

2-

3-

5-

May

May

May

May

May

May

May

Jun

Jun

Jun

Jun

;

~

~

~

17-

18-

May

May

i;

"

~i1

l~~iJ'.l

WJ.....

Fig. 2. The mean (±1 SE) number of cereal leaf beetle eggs per 0.09 m 2 for the 6 plot sets from
17-20 May, 2006 and the 8 plot sets from 23 May- 5 June , 2006.
The numbers of CLB larvae in the plots increased from the beginning of the experiment
on 17 May until 27 May, dropped some, and then increased again until 5 June to reach a new
high , when the experiment in that field was terminated due to spraying (Fig . 3). From 17 to 20
May, similar numbers of CLB larvae were obtained in sugar and control plots, but from 23 May
to 5 Jun e fewer numbers of CLB larvae occurred in sugar plots (rang e in daily averages: 11.4-43
per 0.09 m 2) than in control plots (range in daily avera ges : 16.8-53 .9 per 0.09 m 2) (Fig. 3). From
23 May to 5 June , the number of CLB larvae increased by 362 % in sugar plots and by 420% in
control plots. Hence, the larval increase in sugar plots for this time period was only 86% that of
control plots .
CLB larvae numbers varied significantly over time from 17 to 20 May (RM ANOV A of
time: F = 22.15; df = 3, 30; P <0.0001), although there was no significant difference between
treatments of the 6-plot sets (RM ANO VA of trt: F= 0.30 ; df = 1, 10; P = 0.59; interaction of
time*trt: F= 0.58; df = 3, 30; P = 0.63). From 23 May to 5 June, however, there was a
significant difference between the treatments (RM ANOVA oftrt : F= 6.73; df= 1, 14; P =
0.02) as we ll as a significant difference over time (RM ANO VA of time: F= 25.06; df = 8, 112;
P<0.0001 ; interaction of time*trt : F = 1.18; df = 8, 112; P = 0.32).
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In the second field on 16 June , CLB larval densities averaged 5.75 larvae per 0.09 m2 in
sugar plots and 6.13 larvae per 0.09 m 2 in control plots. The larval numbers steadily decreased
2

to an average of 1.25 larvae per 0.09 m in sugar plots and 1.00 larva per 0.09 m 2 in control plots
on 26 June at the end of the field experiment (Fig. 4). Throughout this decline, there was no
significant difference in the numbers of larvae between the two treatments (RM ANOV A of trt:
F= 0.28; df= 1, 14; P = 0.60), although larval numbers were again somewhat lower on average

in sugar than control plots on 22 and 24 June. There was significant variation in CLB larval
numb ers over time for both treatments (RM ANOVA of time : F= 14.54; df= 4, 56; P <0.0001;
interaction of time*trt: F= 0.31; df = 4, 56; P = 0.87).
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When censuses were taken for lady beetles in the plots, after the first (17 May) and
subsequent biweekly applications of sugar water, the numbers were markedly higher in sugar
plots (range average 0-0.5 lady beetles per 2 person-minutes) than in control plots (range in daily
averages: 0.75-4.13 lady beetles per 2 person-minutes) (Fig. 5). From 17 to 20 May, the
differences were significant for treatment (RM ANOVA oftrt: F= 6.76; df= 1, 10; P = 0.03),
time (RM AN OVA of time: F= 5.04; df = 3, 30; P = 0.01), and the interaction of treatment and
time (RM AN OVA oftime*trt: F= 4.20; df = 3, 30; P = 0.01). The differences were also
statistically significant for the period from 23 May to 5 June for treatment (RM ANO VA of trt :
F= 133.8; df= 1, 14; P <0.0001), time (RM ANOVA of time: F= 4.60; df= 8, 112; P <0.0001),

and interaction of treatment and time (RM AN OVA oftime*trt: F= 5.91; df = 8, 112;
P <0.0001).
In the second field between 16 June and 26 June , more lady beetles again were observed
in sugar plots (range in daily averages: 0.5 to 1.75 per plot) than in control plots (range in daily
averages: 0 to 0.25) (Fig. 6; RM AN OVA of trt: F= 15.40; df = 1, 14; P = 0.002). There was no
significance to the variation over time (RM ANOVA of time: F= 1.74; df = 4, 56; P = 0.16;
interaction oftime*trt: F= 1.70; df= 4, 56; P = 0.16).
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Fig. 6. The mean (±1 SE) number oflady beetles per plot, per 2 person-minute visual census, for

the 8 plot sets in the second field from 16-26 June.
Of the lady beetles seen in the plots in the 2 person-minute censuses and in the additional
time spent around the plots, an average of 67% were identified in the control plots and an
average of 80% were identified in the sugar plots . The following species were seen (with total
numbers seen over the course of both field experiments: control; sugar) : Hippodamia

convergens Guerin (1; 94), H tredecimpunctata (Say) (3; 29), H quinquesignata Kirby (2; 27),
H sinuata Casey (2; 15), Coccinella septempunctata L. (2; 24), C. transversoguttata Brown (2;
43), and Anatis lecontei Casey (1; 0).

Rates of egg-laying and disappearance in sugar spray plots versus control plots . Before
attempting to measure the rate of egg disappearance (as a potential reflection of lady beetle
predation) , we sought to find the rate at which CLB eggs were being laid by tracking the
appearance of eggs onto previously unoccupied leaves . Our results revealed low rates of egglaying (Fig. 7). These rates did not differ significantly between the treatments (Run 1- RM
ANOVAoftrt:

F=0 .31;df= 1, 10;P=0 .59;andRun2-RMANOVAoftrt

: F=0 .22;df= 1,

14; P = 0.65) . There was, however, significant variation over time for Run 1 (RM ANOVA of
time: F= 4.06; df= 3, 30; P = 0.02; interaction oftime*trt: F= 0.45; df = 3, 30; P = 0.72), but
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not Run 2 (RM AN OVA of time : F = 2.27; df = 5, 70; P = 0.06; interaction of time*trt: F= 1.8;
df= 5, 70; P = 0.12).
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Fig. 7. The mean (±1 SE) number of cereal leaf beetle eggs per marked leaf, which on the first

day of each run (Run 1 = 17-20 May; Run 2 = 23 May- 1 June) had no eggs.
In the second minor field experiment in which individually marked CLB eggs were
monitored during the second half of May, only small percentages disappeared each day (Fig. 8).
These small rates of disappearances from the plot s did not differ much between treatments on
any given day (Run 1- RM ANOVA oftrt: F= 0.0; df = 1, 10; P = 0.97; and Run 2- RM
AN OVA oftrt: F= 0.07; df = 1, 14; P = 0.79) . Egg numbers in both treatments did decline
significantly over time (Run 1- RM ANOVA oftime : F= 37.10; df= 3, 30; P <0.0001; Run 2RM ANO VA of time: F= 64.0; df = 5, 70; P <0.0001; Run 1- interaction oftime*trt: F= 0.46;
df = 3, 30; P = 0.71; and Run 2- interaction oftime*trt : F= 0.28; df= 1, 14; P = 0.93).
An analysis of egg disappearance using overall numbers from start and finish showed that
a greater percentage of eggs disappeared from sugar plots than from control plots (Fig. 9);
however, the difference was not significant (Run 1- one-way ANOVA: F= 0.29; df= 1, 10; P =
0.60; and Run 2- one-way ANOVA: F= 0.55; df = 1, 14; P = 0.47).
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When CLB eggs were collected from the field on May 26, they were observed hatching
in the lab three days later (29 May). Once the larvae hatched, they left behind a hollow, fragile
covering in the shape of the egg. The fragile shells were easily removed .
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Fig. 8. The mean (±1 SE) fraction of marked eggs remaining per original number of marked

eggs for Run 1 (17-20 May) and Run 2 (23 May - 1 June).
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Cereal leaf beetle parasitism . The numbers of T julis adults captured by sticky traps varied

greatly over time (Fig. 10) in both the first field experiment (monitored 30 May to 7 June) (RM
ANOVA of time: F= 35.18; df= 1, 14; P<0.0001) and second field experiment (monitored 12
June to 29 June) (RM AN OVA of time: F= 25.05; df = 2, 28; P< 0.0001). The increase in the
number of wasps trapped 19-26 June was due to the emergence of second generation wasps.
Wasps began emerging from pupal cases in the lab on 19 June.
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Fig. 10. The mean (±1 SE) number of Tetrastichus ju/is captured on sticky traps per plot.
Individual bars are for traps placed in plots 30 May-5 June, 5-7 June, 12-19 June, 19-26 June,
and 26-29 June, 2006.
Wasps were generally more abundant in control plots (Fig. 10), and an RM ANOV A
combining the numbers from both fields suggested that such difference was significant (F =
5.45; df= 1, 14; P = 0.04). On the other hand, separate analyses for the wasp numbers obtained
in the first and second fields suggested that such differences were not significant (first field RM
ANOVA oftrt: F= 2.41; df= 1, 14; P = 0.14; second field RM ANOVA oftrt: F= 2.86; df= 1,
14; P = 0.11). In no case was there a significant interaction between time and treatment (first
field RM ANOVA oftime*trt:

F= 2.87; df = 1, 14; P = 0.11; second field RM ANOVA of

time*trt : F= 1.97; df = 2, 28; P = 0.16 ; combined fields RM ANOVA oftime*trt: F= 1.60; df =
4, 56; P = 0.19) .
Parasitism rates of CLB larvae in plots of both treatments increased greatly from 22 to 27
June, 2006 (Fig. 11). The results of an RM AN OVA analysis of percentage parasitism on these
two dates show that there was no significant difference between the treatments (RM ANOV A of
trt: F = 0.11; df = 1, 14; P = 0. 75), and confirm significant variation over time (RM ANOV A of
time: F= 441.26; df= 1, 14; P<0 .0001).
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There was a clear contrast in parasitism rates between CLB larval samples obtained from
different treatments on 5 June (Fig. 11). These rates were investigated separately from the
samples obtained on 22 and 27 June due to their locations in different fields. Also, two analyses
were done for the samples obtained on 5 June because the twelve original plots were established
and receiving sugar sprays a week before the other four plots were added. The percent
parasitism for samples acquired from the original six plot sets on 5 June was 8.1 % ± 0.022 for
control plots and 31.4% ± 0.038 for sugar plots (Fig. 1 la). The percent parasitism for samples
acquired from all eight plot sets on 5 June was 8.9% ± 0.021 for control plots and 26.8% ± 0.041
for sugar plots (Fig. 11b). When the data obtained from all sixteen plots ( eight control and eight
sugar) were analyzed via a one-way ANOV A, a significant difference between treatments was
confirmed (F = 14.41 ; df = 1, 14; P = 0. 002). Then, when the data obtained from only the first
twelve plots (six control and six sugar) were analyzed, an even stronger significant difference
betw een treatments was detected (one-wa y ANOVA oftrt: F= 21.06, df = 1, 10; P = 0.001).
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Lab Experiments

Wasp Longevity and Sugar Water. Adults of T.ju/is that were given just water lived an average
of 5.8 ± 0.6 days, while T.ju/is individuals given sugar water lived an average of 27.2 ± 3.6
days . One wasp lived 70 days on the sugar diet, and was removed from the analyses as an
outlier; however, T.ju/is individuals on the sugar water diet were calculated to live an average of
24.6 ± 2.5 days. In either case, the difference created by the treatment was found to be
significant in a one-way ANOV A (with 70-day wasp : F = 34.82; df = 1, 32; P<0.0001; without
70-day wasp: F= 54.76; df= 1, 31; P<0.0001) .
Of the wasps randomly assigned to a sugar water diet, six were determined to be females
and eleven were determined to be male. From these, life span data from only five of the females
and ten of the males were used in analyses because the sexes of one presumed female and one
presumed male were uncertain . Females of T.ju/is on a sugar water diet lived an average of 20.6
± 5.8 days and males lived an average of 32.7 ± 4.8 days; these differences were not significant

in a one-way ANOVA (F= 2.34; df= 1, 13; P = 0.15). The outlier 70-day wasp previously
mentioned was determined to be male, so another analysis was done excluding it. This brought
the average male lifespan on a sugar water diet to 28.6 ± 2.7 days, and strengthened the result
that there was no significant difference between the sexes (one-way AN OVA: F = 2.09; df = 1,
12; P = 0.17).
Similar results were obtained from T.ju/is individuals on the control diet. Three were
determined to be female and fourteen to be male , though three females and thirteen males were
used in analyses for the aforementioned reasons. The control females of T.ju/is lived an average
of 4.7 ± 0.3 days and the control males lived an average of 6.1 ± 0.8 days. Again, the difference
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between male and female wasp life spans was not significant (one-way AN OVA: F = 0.68; df =
1, 14; P = 0.42).

Field and Lab Observations of Lady beetles preying on CLB. On numerous occasions lady
beetles of several species (He, H quinquesignata [Hq], and C7) were observed eating CLB eggs
and/or larvae. On three documented occasions, adults of He and Hq were noticed eating CLB
eggs in the field. On several occasions in the lab prior to the lady beetle reproduction
experiment, males and females of He and Hq were observed to eat CLB eggs and larvae readily
(within a couple minutes of being placed in the same Petri dish as leaves containing either CLB
eggs or larvae). It took the lady beetles a few minutes to eat an entire small CLB larva. When
fed larger larvae, the lady beetles appeared to suck out the inside of the larva and subsequently
eat the rest. During the lab experiment on lady beetle reproduction, adults of He and C7 were
often seen eating the CLB larvae. Also, when Petri dishes were changed in the experiment, the
remains of many half-eaten CLB larvae were seen.

Lady Beetle Reproduction. Of the data collected from the original sixteen conspecific pairs of
C7 placed on aphid and CLB larval diets, only the data from five pairs on the aphid diet and five
pairs on the CLB larval diet were used for analysis (the females of the six remaining pairs either
died during the experiment or shortly thereafter were found to be parasitized by the wasp, D.

coccinellae). For the same reasons, only the data from two pairs of He on the CLB larvae diet
and seven pairs of He on the aphid diet were used.
Even after being brought into acceptable reproductive condition, C7 females placed on a
CLB larval diet were only able to lay eggs for the first three days with a mean range of 2.2 to 8.0
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eggs per day for those three days. Coccinella septempunctata females placed on an aphid diet
were able to lay eggs throughout the full 15 days of the experiment, with a mean range of 18.6 to
60.4 eggs per day (Fig . 12a). The difference in egg production by C7 females on the aphid diet
versus CLB larval diet was found to be highly significant by an RM AN OVA of treatment (F =
50.3; df= 1, 8; P<0.0001), with no significant variation over time (effect of time: F= 1.75; df=
14, 112; P = 0.06; interaction oftime*trt: F= 1.53; df= 14, 112; P = 0.11).

Hippodamia convergens females that were placed on the CLB diet were only able to lay
eggs for the first day (except for one He female that laid eggs for four days after the change in
diet; due to her death soon thereafter, these data were excluded from analysis). Hippodamia

convergens females kept on an aphid diet were able to lay eggs throughout the duration of the
experiment (Fig. 12b). Despite the fact that the data from the He lady beetles appears to suggest
that there was a significant difference in the ability to lay eggs and the two diets , an RM
ANOVA of treatment fails to demonstrate this (F= 3.40; df = 1, 7; P = 0.11) . There was not a
significance to the variation over time (RM ANOVA of time: F= 0.37 ; df = 14, 98; P = 0.98 ;
interaction of time*trt: F = 0.17; df = 14, 98 ; P = 1.00).
Since the lack of statistical significance might have been due to small sample sizes and
huge variation among He females over time, a one-way ANOV A was done testing the total
number of eggs for all 15 days laid by individual He females . The two females on the CLB
larvae diet laid a mean of 9.5 ± 9.5 eggs total. The seven females on the aphid diet laid a mean
of 184.6 ± 48.3 eggs total. Once again, no significant difference was found between treatments

(F = 3.40; df= 1, 8; P = 0.11).
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the experiment for (a) Coccinella septempunctata females and (b) Hippodamia convergens
females. The mean number eggs produced prior to day 1 is the average egg production during
the 6 days immediately before the experiment began, when females had access to unlimited
numbers of aphids.
A simple regression of the total number of eggs produced over the experimental period
by the C7 females provided with the CLB diet (i.e., in the first three days) versus the total
number of CLB larvae eaten for that time period (three days) gives the equation y = 6. 7961x 13.262 with R2 = 0.7655 (Fig. 13a.; F= 9.79; df= 1, 3; P = 0.05). A similar regression using the

lady beetles on the CLB larval diet from both the C7 and He species gives the equation y =
6. 775x - 15.4 with R2 = 0.7576 (Fig. 13b.; F= 15.63; df= 1, 5; P = 0.01).
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In order to test whether the lady beetles had somewhat stabilized in their new
environment and on their new diets, they were weighed on days 0, 7, 13, and 15. Lady beetles of
both species on the aphid diet, on average, gained weight over the first seven days and lost
weight over the next eight days (Fig. 14). Lady beetles on the CLB larvae diet, on average, lost
weight over the first seven days, gained weight over the next six days, and lost weight over the
last two days (Fig . 14).
When weights of all C7 females were analyzed, a significant difference was seen between
treatments (RM ANOVA oftrt: F= 15.19; df= 1, 8; P = 0.0046). The variation over time was
also found to be significant (RM AN OVA of time: F = l 0.29; df = 3, 24; P = 0.0002), along with
the interaction of time and treatment (RM AN OVA of time*trt: F = 6.77; df = 3, 24; P = 0.0018).
When weights of all He females were analyzed, no significant difference between treatments
appeared (RM ANOVA oftrt: F= 1.78; df = 1, 7; P = 0.22; interaction oftime*trt: F= 1.55; df
= 3, 21; P = 0.23). There was significant variation over time though (RM ANOVA of time: F=
4.70; df= 3, 21; P = 0.01).
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Overall, both species on both diets lost weight during the 15-day experiment (Fig. 15).
On the aphid diet , C7 fema les weig hed 0.87 ± 0.03 and He females weighed 0.87 ± 0.06 of their
original weights on day 15. On the CLB larvae diet , C7 females weighed 0 .80 ± 0.05 of their
original weights and He females weighed 0.82 ± 0.02 of their original weights. Using these
ratios, a one-way ANOVA showed there to be no difference between the relative weight changes
in the species (F= 1.53 ; df= 1, 17; P = 0.23), and two one-way ANOVAs (for C7 and for He)
showed there to be no overall weight change difference between the two diets (C7 : F = l .65; df=

1, 8; P = 0.24 ; He : F= 0.19 ; df= 1, 7; P = 0.67) .
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Another measure used to check reproductive capabilities was to measure the three largest
follicles in each female lady beetle at the conclusion of the experiment (Table 1). For C7, four of
the five females (that qualified for use in analysis) on the CLB larvae diet had previtellogenic
follicles and only one had vitellogenic follicles. Four of the five females on the aphid diet had
postvitellogenic follicles and only one had just vitellogenic follicles. This difference was
significant (one-way ANO VA of trt: F = 32.0; df = 1, 8; P = 0.0005). Both He females on the
CLB larvae diet had previtellogenic follicles while five of the females on the aphid diet had
postvitellogenic follicles and two had vitellogenic follicles. This difference was also significant
(one-way ANOVA: F = 22.40 ; df= 1, 7; P = 0.0021).
When the average volumes of the largest follicles were used to compare the treatments
(Table 1), the difference was significant for C7 (one-way ANOVA: F= 12.56; df= 1, 8; P =
0.0076) but not for He (one-way AN OVA: F = 4.26 ; df = 1, 7; P = 0.0780) .

Coccinella
septempunctata
(C7)
CLB Larvae

Aphids

Volume
(mm 3)
0.0039
0.0295
0.0021
0.0032
0.0050
0. 1504
0.2341
0.2352
0.2832
0.0073

Category

Hippodamia
convergens
(He)
CLB Larvae

II

Ill

III
Ill
III
II

Aphids

Volume
(mm 3 )

Category

0.0036
0.0030

0.0073
0.0334
0.2669
0.2265
0.2011
0.1523
0.2473

II

II
Ill
III
III
III
III

Table 1. The mean volume and category of the three largest follicles in Coccinella
septempunctata and Hippodamia convergens. Categories: I = previtellogenic, II = vitellogenic,
III = postvitellogenic .
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Discussion

CLB Egg and Larvae Predation by Lady beetles

Field Experiments
The seasonal patterns of the CLB adults , eggs and larvae seen in our study were similar
to the seasonal patterns seen in other fields within Cache County, UT from 2000 to 2005 (Evans
et al. 2006). CLB adults were present in high numbers early in the experiment and declined
through May and June . After early June, CLB adults were not detected in our censuses of plots ,
but occasional adults were seen in the field . More adults were seen in late June and July (after
the end of the experiment) , when the next generation of CLB adults was emerging. Cereal leaf
beetle egg numbers were high at the beginning of the experiment in mid-May, peaked not long
thereafter , and gradually decreased to become absent by early June. Low numbers of larvae
were obser ved in mid-May , and peaked in early June.
In the first week of the experiment (17-20 May , 2006) , there was no significant difference
in the number of CLB adults between control and sugar plots. As the experiment progressed ,
however , more CLB adults began to accumulate in control plots than in sugar plots (23 May-5
June). Then , as this generation of adults laid eggs , the difference in population densities
disappeared , with similar egg numbers occurring in all plots (17 May-5 June). Despite the
somewhat greater numbers of adults in control plots , our small plot field experiment showed no
significant difference in egg deposition rates by all adults combined between treatments . Hence,
the latter results are consistent with the absence of differences in egg densities between
treatments. This lack of difference in egg densities between treatments sets up a basis from
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which to examine any subsequent differences in the CLB densities between treatments and the
significance of such differences .
As hypothesized, differences in CLB larval densities did appear between treatments, with
fewer CLB larvae occurring in sugar plots than in control plots (23 May-5 June). This difference
in CLB larval numbers may have resulted from the presence of many more lady beetles in sugar
plots than in control plots (17 May-5 June). On several occasions in both the field and the lab,
lady beetles were observed eating CLB eggs and CLB larvae. Such predation by large numbers
of lady beetles may have resulted in the lower overall numbers of CLB larvae in sugar plots. On
the other hand, if on arrival to the sugar plots, the lady beetles first began consuming prey such
as aphids rather than CLB eggs and larvae, such results perhaps would not be expected (one
notes here that aphids are the lady beetles' preferred prey [Evans and England 1996; Kalaskar
and Evans 2001; Evans et al. 2004 ]). In the field , however , few aphids were observed in the
plots . Hence, the lady beetles had little to eat other than the CLB eggs and larvae , thus
supporting the idea that they may have eaten these prey as they encountered them. Hence,
predation by lady beetles may well have been the cause for the decline in CLB larvae numbers in
sugar plots.
In both runs of the experiment with marked eggs in each plot (17-20 May and 23 May-1
June), a larger percentage of marked eggs disappeared from the sugar plots than the control plots .
However , the minor difference between treatments was not significant. The lack of statistical
significance could be due to the small number of samples in the experiment, but in any case such
a small difference in percentages of eggs disappearing suggests that at most, egg predation by
lady beetles is a relatively minor factor in controlling the CLB.

- 29 -

Since neither CLB adults nor CLB eggs were seen in the second field (16-26 June), we
were only able to analyze results for numbers of CLB larvae and lady beetles. Once again, more
lady beetles were seen in sugar plots than in control plots, but this time the difference had no
apparent effect on the CLB larvae, because there was no difference in larval numbers between
the treatments. Perhaps lady beetles may have reduced CLB larval numbers in only the first field
experiment (i.e., early in the season) because they prefer CLB eggs and newly hatched CLB
larvae as food over more mature CLB larvae. When observed in the lab, lady beetles consumed
CLB eggs more quickly than CLB larvae , though data were not gathered to prove this point
conclusively. These observations are noteworthy because CLB eggs and newly hatched larvae
were abundant in the first field , while mostly only older larvae were observed in the second field.
Also, given the high density of CLB eggs and larvae in the first field, it is likely that the
relatively few lady beetles that were present even in sugar plots were unable to reduce CLB
population densities . Accordingly , in our small plot experiment more eggs disappeared in sugar
plots than in control plots , but the difference was not significant. In the first run, 19.7% of eggs
disappeared from control plots while 24.9% disappeared from sugar plots. In the second run,
27 .2% of eggs disappeared from control plots and 30.8% disappeared from sugar plots . This
suggests that small differences in daily rates of disappearance might accumulate over time, and it
is especially in counts of older larvae that differences would have accumulated sufficiently
between treatments to show up as significant in the data and analyses.
The different outcomes of experiments in the two fields also might have been due to the
presence of more desirable prey , such as aphids, in the second field (Kalaskar and Evans 2001) .
However, no observations were made regarding aphid numbers in the second field. More
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research is needed to address further why the two experiments in these similar fields yielded
different outcomes.

Lab Experiments: Lady Beetle Reproduction
Previous experiments have compared lady beetle reproduction on aphid versus alternative
diets; such experiments involving lady beetles of the genera Coccinella and Hippodamia reveal
that without aphids in the diet, lady beetle reproduction is less successful (Richards and Evans
1998; Evans et al. 1999). Our lab results also support this conclusion. The lady beetles on a
CLB larval diet did not produce any eggs after three days while the lady beetles on the aphid diet
produced eggs for all 15 days of the experiment.
Although only one day of egg production is reported for He females, He and C7 females
produced eggs into the third day when maintained on the CLB diet; however, the He females that
had laid eggs on the second and third days were not included in the analysis because they turned
out to be parasitized by D. coccinellae. This decrease in sample size is also likely the reason that
no statistical significance was found in the difference between the number of eggs laid by He
females on an aphid versus a CLB larval diet, and in the number of days during the experiment
that He females on these two diets laid eggs. Furthermore, it is likely that much of the egg
production by the lady beetles on the CLB larval diet was determined by the consumption of
aphids prior to the start of the experiment (e.g., Richards and Evans 1998). It was the absence of
aphids that led to the complete cessation of egg-laying three days later.
Considering that the number of eggs laid by lady beetles was proportional to the number
of CLB larvae consumed over the first three days (i.e., the only days on which eggs were laid),
one might wonder whether insufficient amounts of food would account for the results obtained.
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Only very rarely, however, and only towards the end of the experiment did any lady beetles
consume all CLB larvae given in one day. Hence, even if they were given more CLB to
facilitate an increase in reproductive output, they would not achieve that increase because the
lady beetles would not choose to eat the extra CLB larvae . Aphids, not larvae, are their prey of
preference (Kalaskar and Evans 2001 ).
It is important to note, however, that studies done by Richards and Evans ( 1998) and

Evans et al. (1999) demonstrate that mixed diets of aphids and weevil larvae are better for lady
beetle reproduction than diets of either prey alone (when limited numbers of aphids are
available). Furthermore, it has been shown that alternative prey (e.g., weevil larvae) serve
mostly for self-maintenance and only increase C7 lady beetle reproduction when combined with
aphids as a food source (by allowing the lady beetles to use more of the nutrients derived from
aphids to produce eggs rather than to simply maintain themselves; Evans et al. 2004). This may
explain the positive relationship between the number of CLB larvae eaten during the first three
days of the experiment and the numbers of eggs laid on these days (i.e., females were able to use
the nutrients gained from consuming CLB larvae to maintain themselves, thus allowing them to
use more of the nutrients from previously consumed aphids to produce eggs). Thus, it can be
concluded that the amount of food available to C7 and He females on the CLB larvae diet was
not an important factor affecting the results obtained .
The measurements of the three largest follicles in each female lady beetle also support the
conclusion that lady beetles on the CLB larvae diet were not in good reproductive condition .
Only one of the seven lady beetles on this diet was in an egg-forming condition (i.e., vitellogenic
follicles were present) when sacrificed and examined, while all twelve of the lady beetles on the
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aphid diet were in egg-producing conditions (vitellogenic and postvitellogenic stages; see
Richards and Evans 1998).
Also, despite the fact that all groups of lady beetles lost weight over the course of the
experiment, those on the CLB larvae diet showed a tendency to lose more weight than their
counterparts on the aphid diet (although not a significantly greater amount). Interestingly,
however, the weights of lady beetles on the different diets fluctuated over time in different
fashion. While the lady beetles fed aphids gained weight over the first seven days and lost
weight over the next eight days, lady beetles fed CLB larvae lost a significant amount of weight
over the first seven days, gained slightly over the next six days, and then lost slightly over the
last two days. Since all factors other than the diet were similar, these patterns suggest that the
lady beetles fed CLB larvae took time to adjust to the new diet, and in the meantime lost weight
from not eating enough. The lady beetles fed aphids, however, were accustomed to the diet, and
so ate sufficient amounts so as to gain weight in the beginning. Such implies that in the field
lady beetles would naturally attack aphids before CLB larvae.
Consequently, although lady beetles do seem to reduce CLB larval numbers slightly (and
every bit counts towards CLB control), it does not appear from our experimental results that they
alone will be sufficient to manage CLB numbers, especially since by just eating CLB larvae they
cannot reproduce at normal rates. Nonetheless, the potential benefits of a mixed diet (Evans et
al. 1999) would suggest that lady beetles might eat CLB and other prey along with aphids, and so
could still pose some benefit for CLB control. Furthermore, one must consider that there was an
imbalance of lady beetle and CLB numbers in our experiments (one notes that although lady
beetles were more abundant in sugar plots than control, they were still only moderately abundant,
especially in comparison to nearby alfalfa sugar plots of fellow researchers). If this imbalance
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could be reduced, lady beetles might possibly have substantial impact on CLB numbers. For
example, if one could attract huge numbers of lady beetles to attack relatively small numbers of
CLB, then over the long run lady beetle predation might be able to prevent low CLB numbers
from rising. More research would need to be done, but one should keep in mind that such
possibilities are likely only to exist in fields where infestation starts out low or in fields where
infestation rates are brought low by alternative means.

Parasitism by Tetrastichus iulis
As revealed by dissection of larval samples from the various plots, significant change
occurred in the percent of CLB larvae parasitized by T. ju/is over the course of the season. This
is consistent with previous observations in fields within the same county (Evans et al. 2006).
Early in the season , parasitism rates were low, as huge numbers of CLB larvae overwhelmed the
ability of the wasps to attack them. Near the end of the season, however, parasitism rates soared
as large numbers of second generation wasps emerged to attack the relatively small numbers of
late developing CLB larvae .
An interesting finding , however , is that in the early season (sample collected June 5)
there was a large difference in the percent of larvae parasitized in sugar versus control plots, yet
there was no difference between the treatments later in the season (samples collected 22 and 27
June, 2006). Several factors may have contributed to increased parasitism in sugar plots early in
the season: more wasps may have accumulated in these plots as they lingered to feed on the
sugar, consumption of sugar may have increased either the longevity and/or the fecundity of
individual wasps (e.g., England and Evans 1997), or the immediate presence of food may have
allowed female wasps more time to find and parasitize host larvae (Jacob and Evans 2001).
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To probe the cause for increased parasitism rates, one can consider first that more wasps
were caught on sticky traps in control plots than in sugar plots. This leads to two conclusions.
First, increases parasitism rates in sugar plots did not result from an increased number of wasps
within these plots. Second, application of a sugar spray will increase parasitism rates of
individual females at particular times of the season (e.g., Jacob and Evans 1998). This second
point is clear from a simple analysis of numbers; fewer wasps were recorded in plots with higher
parasitism rates, and hence each of those fewer wasps had to have parasitized more larvae.
Whether such was due to increased longevity or fecundity, or both, is unknown. The effect of
sugar on wasp fecundity (versus longevity) was not investigated in our study. England and
Evans (1997), however, showed that the presence of aphid honeydew may slightly increase the
fecundity of Hymenopteran wasps.
The effect of sugar on wasp longevity was explored in the present study , and the results
support the hypothesis that longevity was enhanced for wasps that foraged in sugar plots. In the
lab, wasps given sugar water from the day of emergence (male or female) lived much longer than
wasps given only water (male or female) (see also Jacob and Evans 2000; Spafford Jacob and
Evans 2004). The exact relation of this increased longevity on field parasitism rates cannot be
determined decisively , however, as it was impossible to track whether each wasp stayed in one
plot or traveled among plots. Wasps very well might have traveled between the plots ; if
individual wasps lived longer as a result of consuming sugar and remained in the same plots to
parasitize larvae, then over time a natural increase in wasp numbers would be expected in sugar
plots versus control plots .
If indeed access to sugar water increased wasp longevity in the field (and allowed wasps

to live longer to parasitize more larvae), and given the overlap of the lifecycles of the CLB and
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T julis, it is not surprising that sugar water promotes parasitism only at certain times of the
season . At the beginning of the season, an increase in longevity allows the relatively few
parasitoids present to parasitize more of the numerous larvae. Later in the season, however, the
second generation wasps emerge as CLB larvae numbers are plummeting, and consequently the
numerous wasps overwhelm the CLB in parasitizing them. Hence, an increase in wasp longevity
would probably not lead to much increase in an already soaring parasitism rate.
Another possible benefit of the application of sugar water is that female wasps can spend
less time searching for nourishment and spend more time searching for hosts. In a study of the
wasp B. curculionis (Hymenoptera), Jacob and Evans (2001) found that unfed females preferred
the odor of dandelions (a common food) while fed females preferred the odors of the host plant,
on which they would find larvae to parasitize. While sugar water is thought to be "odorless" to
insects such as the wasp or lady beetle, such insects are still likely to land randomly in sugar
plots (or in the case of the wasp studied here, emerge from the soil in the plot). Upon arriving or
emerging in a plot, female wasps can reap the benefits of the sugar. Hence , after the wasp
arrives and is fed, she can begin searching for hosts for her offspring. Consequently, the ease
with which females in sugar plots can find food for themselves allows them both to quickly
parasitize relatively many CLB larvae in the plot and then move on, leading perhaps to a net
influx of females from sugar to control plots (as the females in control plots may get relatively
's tuck' there as they search longer and harder within the plots to find food for themselves before
moving on). Such an interpretation is consistent with the sticky trap data.
The idea that the provision of sugar promotes parasitism primarily by decreasing foraging
time is also congruent with the seasonal patterns and differences in treatment effects on
parasitism rates mentioned before. It is a matter of numbers; huge (and increasing) larval
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numbers early in the season combine with moderate wasp numbers, while later in the season low
(and declining) larval numbers combine with moderate and increasing wasp numbers.
Another interesting finding was the greater difference in parasitism rates between sugar
and control plots when the original twelve plots were analyzed as opposed to all sixteen plots.
The mean percent parasitism rates for the original six sugar plots was 31.4%, but it decreased to
26.8% when all eight plots were averaged (the two additional sugar plots had a mean parasitism
rate of 12.9%, and did not differ in this respect from the two additional control pots). One
possible explanation is that wasps tend to parasitize CLB larvae at all stages of development
(Harcourt et al. 1984), that we collected nearly fully mature larvae on 5 June, and that the plots
had differing durations of sugar application. Since the larval stage for CLB lasts 12-20 days
(Olfert et al. 2004), more of the larvae collected from the original plots were more likely to have
been parasitized after the application of sugar . The reasoning is that for the original six plots (set
up 17 May) , the duration of sugar application prior to larvae collection was 19 days, while the
duration of sugar application of the newer plots (set up 23 May) prior to collection was only 13
days (thus larvae in the young stages of development prior to 23 May would have been more
vulnerable to parasitism in the original sugar plots than in the newer sugar plots) .
In conclusion, while providing additional nutrients for T Julis later in the season does not
appear to offer much for improved control of the CLB , our results suggest that providing those
nutrients earlier in the season, at a constant or frequent availability, could significantly reduce
future CLB populations through increased parasitism . Then, the challenge would simply be to
keep CLB numbers low through future years. One possible method for achieving this, as
mentioned above, is through the promotion of lady beetle predation. If a significant number of
lady beetles are attracted to an area and CLB numbers in that area are low enough, then the lady
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beetles could help to keep CLB numbers low by feeding upon CLB eggs and larvae . More
research into such possibilities could open new doors to CLB control.
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